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Description 

Technical Field 


This invention is in ihe fields of genetic engineering, plant biology, and bacteriology. 


Background Art 

w In the past decade, the science of genetic engineering has developed rapidly. A variety of processes 
are known for inserting a heterologous gene into bacteria, whereby the bacteria become capable of efficient 
expression of the inserted genes. Such processes normally involve the use of plasmids which may be 
cleaved at one or more selected cleavage sites by restriction endonucleases, discussed below. Typically, a 
gene of interest is obtained by cleaving one piece of DNA and the resulting DNA fragment is mixed with a 

;s fragment obtained by cleaving a vector such as; a plasmid. The different strands of DNA are then connected 
("ligated") to each other to form a reconstituted plasmid. See, for example. U.S. Patents 4.237.224 (Cohen 
and Boyer. 1980): 4.264.731 (Shine. 1981}: 4.273.875 {Manis. 1981): 4.322.499 (Baxter et al. 1982), and 
4.336.336 (Silhavy et al. 1982). A variety of other reference works are also available. Some of these works 
describe the natural processes whereby DNA is transcribed into messenger RNA (mRNA) and mRNA is 

20 translated into protein: see. e.g.. Stryer, 1981 (note: all references cited herein, other than patents, are listed 
with citations after the Examples): Lehnmger. 1975. Other works describe methods and products of genetic 
manipulation: see. e.g., Maniatis et al. 1982: Setlow and Hollaender. 1979. 

Most of ihe genetic engineering work performed to date involves the insertion of genes into various 
types of cells, primarily bacteria such as E. coli. various other types of microorganisms such as yeast, and 

25 mammalian cells. However, many of the techniques and substances used for genetic engineering of animal 
cells and microorganisms are not directly applicable to genetic engineering involving plants. 

As used herein, the term "plant" refers to a multicellular differentiated organism that is capable of 
photosynthesis, such as angiosperms and multicellular algae. This does not include microorganisms, such 
as bacteria, yeast, and fungi. However, the term "plant cells" includes any cell derived from a plant: this 

30 includes undifferentiated tissue such as callus or crown gall tumor, as well as plant seeds, propagules. 
pollen: and plant embryos. 

A "variety of plant genes have been isolated, some of which have been published and or are publicly 
available. Such genes include the soybean actm gene (Shah et al 1982). corn 2ein (Pederson et al. 1982) 
soybean leghemoglobm (Hyldig-Nielsen et al. 1982). and soybean storage proteins (Fischer and Goldberg. 

35 1982). 


The Regions of a Gene 

40 The expression of a gene involves the creation of a polypeptide which. is coded for by the gene. This 
process involves at least two steps: part of the gene is transcribed to form messenger RNA. and part of the 
mRNA is translated into a polypeptide. Although the processes of transcription and translation are not fully 
understood, it is believed that the transcription of a DNA sequence into mRNA is controlled by several 
regions of DNA. Each region is a series of bases (i.e.. a series of nucleotide residues comprising adenosine 

45 (A), thymidine (T). cytidine (C). and guamdine (G)) which are in a desired sequence. Regions which are 
usually present in a eucaryotic gene are shown on Figure 1. These regions have been assigned names for 
use herein, and are briefly discussed below. It should be noted that a variety of terms are used in the 
literature, which describes these regions in much more detail. 

An association region 2 causes RNA polymerase to associate with the segment of DNA. Transcription 

so does not occur at association region 2: instead, the RNA polymerase normally travels along an intervening 
region 4 for an appropriate distance, such as about 100-300 bases, after it is activated by association region 
2 

A transcription initiation sequence 6 directs the RNA polymerase to begin synthesis of mRNA. After it 
recognizes the appropriate, signal, the RNA polymerase is believed to begin the synthesis of mRNA an 
55 appropriate distance, such as about 20 to about 30 bases, beyond the transcription initiation sequence 6. 
This is represented in Figure 1 by intervening region 8. 

The foregoing sequences are referred to collectively as the promoter region of the gene. 

The next sequence of DNA is transcribed by RNA polymerase into messenger RNA which is not 
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